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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#99, most discussion of 2-step RACH was completed, and the agreements have been incorporated in the 3GPP specifications [1][2][3][4]. In this contribution, we will provide some corrections on the channel structure of 2-step RACH.
[bookmark: _Ref129681832]Discussion
msgA PRACH
Agreements (RAN1#98):
· For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
Agreements (RAN1#98bis):
· For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.
Agreements (RAN1#99):
· For shared ROs, the starting position of 2-step CBRA preambles for a SSB is determined from the end of the 4-step CBRA preambles for that SSB.

According to the above agreements, for shared ROs with 4-step RACH (Type-1 random access procedure) and 2-step RACH (Type-2 random access procedure), the number of 2-step CBRA preambles is given by msgA-CB-PreamblesPerSSB, and the starting position of 2-step CBRA preambles for a SSB is determined from the end of the 4-step CBRA preambles for that SSB, as shown in Figure 1. 
	           [image: ]

	(a). Case 1: 2 SSB per PRACH occasion

	[image: ]

	(b). Case 2: two PRACH occasions per SSB


[bookmark: _Ref19952128]Figure 1. Shared ROs between 2-step RACH and 4-step RACH
In TS 38.213 [3], there is ambiguity in the starting position of 2-step CBRA preambles for the shared ROs case. It is mentioned that the  contention based preambles per SS/PBCH block per valid PRACH occasion for Type-2 random access procedure start after the ones for Type-1 random access procedure. However, ‘start after’ can have different understanding. 
On the other hand, the starting position of CBRA preambles is specified for the cases of 4-step RACH CBRA and 2-step RACH with separate ROs. The same notation [image: ]is applied for the number of preambles for different cases. It is confusing that the [image: ] contention based preambles is for which case(s) unless specified.
To solve the problem, we propose corrections as TP#1 in the Appendix. Firstly, the number of 2-step RACH preambles for shared ROs case is denoted as  instead of. Secondly, to avoid the ambiguity, the detailed starting position of CBRA preambles is specified for each case. 
Proposal 1: To correct the starting position of 2-step CBRA preambles, adopt the TP#1 in the Appendix.

msgA PUSCH
PUSCH validation
Agreements (RAN1#98bis):
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)

In RAN1#98bis, the validation rule of PUSCH occasion was agreed. However, the rule is not complete. For the case of unpaired spectrum and TDD-UL-DL-ConfigurationCommon is not provided, the rule does not deal with the gap between PUSCH occasion and SS/PBCH block. To solve the problem, we propose corrections as TP#2 in the Appendix.
Proposal 2: To complete the validation rule of msgA PUSCH, adopt TP#2 in the Appendix.

Intra-slot frequency hopping
Agreements (RAN1#98bis):
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
Agreements (RAN1#99):
· Support a configurable guard period between the hops, if intra-slot frequency hopping per PO for msgA is configured.
· Reuse the value of guard period between POs if configured; otherwise, no guard period

For intra-slot frequency hopping of msgA PUSCH, there can be a guard period between the hops. This is not considered for the resource mapping in TS 38.211 [1]. In TS 38.213, the first hop and the second hop of intra-slot frequency hopping is described as before and after frequency hopping, respectively, which is not aligned with TS 38.214. 
To solve the problem, we propose corrections as TP#3 and TP#4 in the Appendix.
Proposal 3: To correct the operations of intra-slot frequency hopping of msgA PUSCH, adopt TP#3 and TP#4 in the Appendix.

DMRS
Agreements (RAN1#99):
· The following parameter(s) are included in msgA-DMRS-Configuration 
· 1-bit indication of index(-es) of CDM group(s): msgAPUSCHDMRSCDMgroup  INTEGER (0,1); if not configured then both CDM groups are used; and 
· 1-bit indication of port number msgAPUSCHNrOfPort  INTEGER (0,1); 0 indicates 1 port per CDM group, 1 indicates 2 ports per CDM group, if not configured then 4 ports per CDM group are used; 
· Regarding the parameter msgA-maxLength
· Keep the agreement for msgA-maxLength, if UE does not support ‘len2’, and if msgA-maxLength is configured as ‘len2’, the UE cannot use 2-step RACH resources.
· Note: it is UE capability issue, no spec impact
· The ordering the DMRS ports follow that in Rel.15
· DMRS scrambling ID(s)
· DMRS Type for msgA PUSCH is type 1.

In TS 38.211, some DMRS parameters for msgA PUSCH are not captured or correctly specified. For example, how to determine the quantity  for the initial value of DMRS sequence generation is not specified for msgA PUSCH. Similarly, how to apply the parameters msgA-maxLength and msgA-dmrs-AdditionalPosition (mapping type B) is not specified. To ensure the DMRS for msgA PUSCH transmission can be correctly generated, we propose the corrections as TP#5 in the Appendix.
In TS 38.214, there are some error on the operations related to msgA-maxLength. On the other hand, for msgAPUSCHNrOfPort, only the number of DMRS ports per CDM group is specified, but the exact DMRS port indexes are needed. It is natural to utilize the first  DMRS ports per CDM group. To solve the above issues, we propose the corrections as TP#6 in the Appendix.
Proposal 4: For the msgAPUSCHNrOfPort, 0 indicates the first port per CDM group, 1 indicates the first two ports per CDM groups, if not configured then all the 4 ports per CDM group are used.
Proposal 5: To correct the operations of DMRS for msgA PUSCH, adopt TP#5 and TP#6 in the Appendix.

Mapping between preambles and PUSCH resource unit
Agreements (RAN1#96bis):
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.
Agreements (RAN1#99):
· Each M (M>=1) consecutive PRACH preambles are mapped to valid PUSCH resource units (PRUs) is updated in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· DMRS indexes within a single PUSCH occasion are in increasing order of DMRS port first and DMRS sequences second. 
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
Agreements (RAN1#99):
· The PRUs without associated preambles are not used for msgA transmission for 2-step RACH.
· (Working Assumption) The preambles without associated PRUs can be used for msgA transmission (preamble only) for 2-step RACH


In TS 38.213, the mapping is specified between PRACH occasions and PUSCH occasions instead of preambles and PUSCH resource units, thus not aligned with the agreements. On the other hand, some agreements are not correctly captured. For example, it is agreed that the PRUs without associated preambles are not used for msgA transmission for 2-step RACH. In TS 38.213, it is described as “A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion is not mapped to a valid PRACH occasions”. When some PRUs in a PUSCH occasion are associated with preambles, but some PRUs are not, the UE can still transmit PUSCH on that PUSCH occasion. Therefore, the description is not fully aligned with the agreements.
To solve the above issues, we propose corrections as TP#7 in TS 38.213. Firstly, the PUSCH resource unit is specified as the PUSCH occasion associated with a DMRS resource. Secondly, the description is modified to align with the agreements.
Proposal 6: To correct the mapping between preambles and PUSCH resource units, adopt the TP#7 in the Appendix.

Conclusions
In this contribution, we discussed the channel structure for 2-step RACH. Based on the discussion, we have the following proposals.
Proposal 1: To correct the starting position of 2-step CBRA preambles, adopt the TP#1 in the Appendix.
Proposal 2: To complete the validation rule of msgA PUSCH, adopt TP#2 in the Appendix.

Proposal 3: To correct the operations of intra-slot frequency hopping of msgA PUSCH, adopt TP#3 and TP#4 in the Appendix.
Proposal 4: For the msgAPUSCHNrOfPort, 0 indicates the first port per CDM group, 1 indicates the first two ports per CDM groups, if not configured then all the 4 ports per CDM group are used.
Proposal 5: To correct the operations of DMRS for msgA PUSCH, adopt TP#5 and TP#6 in the Appendix.
Proposal 6: To correct the mapping between preambles and PUSCH resource units, adopt the TP#7 in the Appendix.
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Appendix
Text proposal #1 for TS 38.213 Clause 8.1:
============================= Unchanged part omitted ===========================
For Type-1 random access procedure, a UE is provided a number [image: ] of SS/PBCH blocks associated with one PRACH occasion and a number [image: ] of contention based preambles per SS/PBCH block per valid PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB. 
For Type-2 random access procedure with common PRACH occasions with Type-1 random access procedure, a UE is provided a number  of SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB and a number  of contention based preambles per SS/PBCH block per valid PRACH occasion by msgA-CB-PreamblesPerSSB. The  contention based preambles per SS/PBCH block per valid PRACH occasion for Type-2 random access procedure start after the ones for Type-1 random access procedure.
For Type-2 random access procedure with separate PRACH occasions with Type-1 random access procedure, a UE is provided a number  of SS/PBCH blocks associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block per valid PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB-msgA when provided; otherwise, by ssb-perRACH-OccasionAndCB-PreamblesPerSSB.
For Type-1 random access procedure, or for Type-2 random access procedure with separate PRACH occasions from a Type 1 random access procedure, iIf [image: ], one SS/PBCH block is mapped to [image: ] consecutive valid PRACH occasions and [image: ] contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index 0. If [image: ], [image: ] contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], [image: ], per valid PRACH occasion start from preamble index [image: ] where [image: ] is provided by totalNumberOfRA-Preambles for Type-1 random access procedure, or by msgA-totalNumberOfRA-Preambles for Type-2 random access procedure with separate PRACH occasions from a Type 1 random access procedure, and is an integer multiple of [image: ]. 






For Type-2 random access procedure with common PRACH occasions with Type-1 random access procedure, if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and Q contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index R. If , Q contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index .
============================= Unchanged part omitted ===========================

Text proposal #2 for TS 38.213 Clause 8.1A:
============================= Unchanged part omitted ===========================
A PUSCH occasion is valid if it does not overlap in time and frequency with any PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if it does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2.
-	if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2.
============================= Unchanged part omitted ===========================

Text proposal #3 for TS 38.211 Clause 6.3.1.6:
============================= Unchanged part omitted ===========================



For each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3, or guard period between frequency hops for msgA PUSCH transmission with frequency hopping

The mapping to resource elements  allocated for PUSCH according to [6, TS 38.214] shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index , with the starting position given by [6, TS 38.214]. 
============================= Unchanged part omitted ===========================

Text proposal #4 for TS 38.213 Clause 8.1A:
============================= Unchanged part omitted ===========================
For a PUSCH transmission with frequency hopping in a slot, when indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, the frequency offset for the second hop [6, TS 38.214] is determined as described in Clause 8.3, Table 8.3-1 using msgA-HoppingBits instead of [image: ]. If guardPeriodMsgAPUSCH is provided, a first symbol of the PUSCH transmission after frequency hoppingsecond hop is separated by guardPeriodMsgAPUSCH symbols from a last symbol of the PUSCH transmission before frequency hoppingfirst hop; otherwise, there is no time separation of the PUSCH transmission before and after frequency hopping. A PUSCH transmission uses a same spatial filter as an associated PRACH transmission. 
============================= Unchanged part omitted ===========================

Text proposal #5 for TS 38.211 Clause 6.4.1.1:
============================= Unchanged part omitted ===========================
The quantity  is indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 or 0_2, in [4, TS 38.212] is used or by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant, or corresponds to the DMRS sequence index for the PUSCH transmission of Type-2 random access process in TS 38.213, otherwise .
============================= Unchanged part omitted ===========================

The position(s) of the DM-RS symbols is given by  and duration  where
-	 is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PUSCH resources in the slot for PUSCH mapping type A according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or 
-	 is the duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or
-	 is the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used. 
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is not configured, or for a msgA transmission msgA-maxLength in msgA-DMRS-Configuration is not configured, the tables shall be used according to single-symbol DM-RS
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 'len2', msgA-maxLength is equal to 'len2', double-symbol DM-RS shall be used, otherwise single-symbol DM-RS shall be used
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 'len2', the associated DCI or configured grant configuration determines whether single-symbol or double-symbol DM-RS shall be used
-	if the higher-layer parameter dmrs-AdditionalPosition is not set to 'pos0' and intra-slot frequency hopping is enabled according to clause 7.3.1.1.2 in [4, TS 38.212] and by higher layer, Tables 6.4.1.1.3-6 shall be used assuming dmrs-AdditionalPosition is equal to 'pos1' for each hop.
For PUSCH mapping type A, 
-	the case dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
-	 symbols in Table 6.4.1.1.3-4 is only applicable when dmrs-TypeA-Position is equal to 'pos2'.
For msgA transmitted using PUSCH mapping type A, 
-	the case msgA-dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
-	'dmrs-AdditionalPosition' in Tables Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-dmrs-AdditionalPosition;
-	only PUSCH DM-RS configuration type 1 is supported;
For msgA transmitted using PUSCH mapping type B, 
-	'dmrs-AdditionalPosition' in Tables Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-dmrs-AdditionalPosition;
-	only PUSCH DM-RS configuration type 1 is supported;
============================= Unchanged part omitted ===========================

Text proposal #6 for TS 38.214 Clause 6.2.2:
============================= Unchanged part omitted ===========================
When transmitted PUSCH is scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, or corresponding to a configured grant, or being a PUSCH for Type-2 random access procedure,
-	the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Clause 6.4.1.1 of [4, TS 38.211]. For MsgA PUSCH transmissions, dmrs-Type is type 1.
-	the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter maxLength in DMRS-UplinkConfig, or by higher layer parameter msgA-MaxLength in msgA-DMRS-Configuration,.
-	if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3'. 
-	if MsgA-maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configurationis applied for PUSCH for Type-2 random access procedure, and the UE can be configured with a number of additional DM-RS for PUSCH for Type-2 random access procedure by higher layer parameter by msgA-DMRS-Configuration,  which can be 'pos0', 'pos1', 'pos2', 'pos3'. 
-	if maxLength or MsgAmaxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0' or 'pos1'. 
-	if MsgA-maxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be configured For for PUSCH for Type-2 random access procedure the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter msgA-dmrs-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3'.
-	and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 in -Clause 6.4.1.1.3 of [4, TS 38.211].
============================= Unchanged part omitted ===========================
For MsgA PUSCH transmission, if the UE is not configured with msgAPUSCHDMRSCDMgroup, the UE shall assume that 2 DM-RS CDM groups are configured. Otherwise, msgAPUSCHDMRSCDMgroup indicates which DM-RS CDM group to use from the set of {0,1}. 
For MsgA PUSCH transmission, if the UE is not configured with msgAPUSCHNrOfPort, the UE shall assume that 4 ports are configured per DM-RS CDM groups. Otherwise, msgAPUSCHNrOfPort with value of 0 indicates one the first port per DM-RS CDM group, while a value of 1 indicated the first two ports per DM-RS CDM group.
============================= Unchanged part omitted ===========================

Text proposal #7 for TS 38.213 Clause 8.1A:
============================= Unchanged part omitted ===========================
A UE does not transmit a PUSCH in a PUSCH occasion if the corresponding PUSCH occasion resource unit is not mapped to a preamble of valid PRACH occasions. A UE can transmit a PRACH preamble in a valid PRACH occasion if the PRACH occasion preamble is not mapped to a valid PUSCH occasionresource unit.
A mapping between PRACH occasions and PUSCH occasions is per PUSCH configuration.
============================= Unchanged part omitted ===========================
For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE determines a first slot for a first PUSCH occasion in an active UL BWP from msgAPUSCH-timeDomainOffset that provides an offset, in number of slots in the active UL BWP, relative to the start of each PRACH slot. The UE expects that a first PUSCH occasion in each slot has a same SLIV [6, TS 38.214] for a PUSCH transmission that is provided by startSymbolAndLengthMsgAPO. 
============================= Unchanged part omitted ===========================
A PUSCH occasion for PUSCH transmission is defined by a set of frequency resources, time resources, and a PUSCH resource unit is defined by a PUSCH occasion associated with a DMRS configurationresource., from a number  ofThe DMRS configurations resources are provided by msgA-DMRS-Configuration.
A consecutive number of  preamble indexes from valid PRACH occasions in a slot
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasionresource unit
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
[bookmark: _GoBack]-	second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for PUSCH slots
where ,  is a total number of preambles in valid PRACH occasions per association pattern period, and  is a total number of valid sets of PUSCH occasions per association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion. 
============================= Unchanged part omitted ===========================
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